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NACA ACR No. LliE13
FATIONAT, ADVISORY COMMITTTII FOR AEROWAUTICS

ADVANCE CONFIDEITILL RIPORT

AVALYSIS QOF AVATILABLE DATA ON CONTROL SURTACES

HAVING PLAIN-OVERIANG AND IMISE BALANCES

By Peuld X, Purser and Thonmas A. Toll

The avallable duta on control surfaces having plein-
overhiang and Frise balances nave veen analyzed and some
emplrical relations thet will facilitate the nredaictilon
of the characteristics of valanced control surfaces from
the ceometric constants have been detormined. The
analysis presented has been limlted te tie elfocts of
overhang, ncee shaps, 28p, and Mach nmamver. Although
the relations rlven are not consldurcd s
liadle¢ to ailow satisiasctory grediction of sirplane
stick forccs witheount the 4ild of wind-twinel tests of a
scale model, they arc considercd gpolicadle to the pre-
liminary design cof cortrol-surface balences and to modi-
fications of balanccs already in use,.

The effects of bhalance variations in changing the
slope of the cuwwve of hinge-momont cocfflclent plotted
againgt control-gurface deflection anda in changing the
lift effectiveness of ths contrel surface are correlated
for low Mach numbsrs by a balance factor that accounts
for the lergth end shape of overhanz., ¥o such factor
was obtained that would adejuately account for all of
the veriables aifccting the slope of the curve of ninge-
moxaent coeificient plotted against angle of sttack or
ths deflection range over whicn the valance 1s offesctive
in reducing the slope of the hinge-moment curve., The
effects of gap and Mach numbcr arc osresented for g foew
reprosentative models.,  Some repressntative precsure-
distribution diugrams are pressnted for confrels with
plain-overhang and Trise balancss.

THTRODUCT IO

The demands for more wmwmneuverazanility and zmaller
control forces for high-speed combat aircraft und the
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general Increase in the size and speed of all types of
alrnlane have resulted in a considerable amount of re-
scarch on means for balancing control surfaces, The
results of & grz2at part ¢f the control-surface research
nave recentiy been collected in two papers: one gener-
ally applicaeble to eilzrons (refcrence 1), and the other
generally applicable to tall surflsces (reference 2).

The data conteincd in the ftwo collecticons and in other
papers are heing analyzed, corr:zlated, and sumnarized at
ILMAL. The rssulte of thess studics are being published
geparately as thoey are completed., Reference 3 contains
inforuwation on internally balanced controls, refercnce
containe information on controls with beveled trailing
edges ond simllar contour modiflicctions, and rcference §
contoins data on horn-balanced controls,

The prosent pansr doals with contrel surfaces
having vlain-overhang and Prise balancec., The effects
of overhang, nose shape, zap, and kFach nunber have been
stuvdied., The Frise walence is considered only as &
special type of overhang balance, and certain charac-
teristics zenerally associated only withh Frise balances
such as the effects of bhulres, vent capes, slot shapes,
and the vertical locaticns of the hings axes - have not
been conslidercd, Such effects may someiimes he appre-
ciable, »ut they cannot he nroperly evalusted from the
existing data,

-

Py

YMBOLE

¥

The coefficients, warameters, fastore, and symbhols
used 1n corrclating end gresenting the data are:

CL 1ift coefficient

¢y, section 1ift coefflicient

C average 1ift coefflicient over control-surface

Ll > N . ) - P

span for alirfoll with piain scaled control
surfeace

cy section 1ift coefficient for airfoil with plain

1 gecaled control surflace

Ch hinge-moment coefficlent
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Ch

e

o}

section hinge-moment cocfficient
. p-7p
oressure coafficient
o)

s

. o]
e

iocal static pressure

static pressure in wndisturbed airstrea
dynamic pressure cof undisturved airstre (—pvé)

angle of attuck, degrees

control-surface Asflecticr. relative to airfoil,

degrees

critical control-suriace deflectliorn; that is,
deflection at which plain-overhang or FTrise
balance is no longer elfective 1in reducling
slope of hinge-momesn®t curve (approximately
the deflection at whiech waximur 1ift is ob-
tained for a ;iven angle of attack)

airfoil chord

root-mean-squars airroll cherd cover span of
ontrol surface

control-surface chord hacy »¥ ninge line

(L’

roct-mean-sjuare control-surfeac
balance chord, distance from hi
leading edgn of plain-overhang or Frise
balance

root-mean-sjuare balance chord

contour bhalance cnord, distance from hings line
to pecint of tangency of malance lea dinq-edve

N

arc and airfoil contour
roct-mean-square contour valance chord
thicknese of alrfoil section at hinge line

mean-square of ailrfolil section thickness at
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b snan of control aurface

by, snan ¢f nlafn-averhan~ ~r irise Halance

A aspect ratio

A retlo of tip chord to root chord

M ¥och numbsry with uubscwxfts, nres moment of the
balence prefile about nings axis

R Reynclds narmber; with subscripts, balance nose

rodiues

1 chord-wise location of wmirnioum-pressure point
Tor low-drag airfolls sursd in airfoil
chords frow leuding edzs [onestznth of second
digit in low-drag airfoil deslpgnation,
reference 6)

Bl cvernaryy factor
b

Fs,¥s! mose-shiarps Sactors
1

0, Ay, B, 2, D, 7, ™, ¢, denote cverhong-noss tyve (tarle I)
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AVATILABLS DATA

Thie data wused in the summary were obtained from the
results of modsl tests presentesd in references 7 to 2l
and &lso from various unpublished test results. Some of
the more pertinent information regsrding the geometric
characteristicu of ths models and the test conditions
ars sumsarized in table II.

Although an avypreciable amount of data from tests
of two-dimensional control surfaces and finite-span ailerp-
ons. were svailable, the amount of data obtained for
{inite-span tail surfaces was nct considerecd adeguate
for 2 reliable corrslation.

The values of the slopes of tne hinge-moment curves

used in the analysis are the slopes for small control
deflectioms at an angle of attack of 09,

CONRUETLATION MITHODS

The pressnt paner is concerned with the generaliza-
tion of the effects of plain-overhang aﬂc Frise halances
in »roviding acrocdynawmic balance for [lap-type control
surfaces, Emplrical facbors and design charts were de-
sircd in order “het spproximale relations ccould be es-
tablisned betwcen the geometric constants of overhang
balances and the effects of cverheng italances on the

hinge-moment slogzes., A prc11“¢rrwy study of the probilen,
indicated that the slope lucrements 20, and ACh
¢

(or dep, end 4cy,) due to the overhang were mors

sultable for correlation than tha totzl values of the
slopes

e aerodynamic balancing eifect of an overnang
balance 1s considered to be a maximus when the contour
of the balance conforms to the contour of the airfoil
for the entire length of the overhans. Rounding or ta-
pering the nose causes a reduction in the effent of the
halance. In the precent analvsis, the effects of over-
nany leneth and nose ghape were svaluatsd independently
by meang of varicus cross nlots of the avallable data.
The effzchts of variations in the noss chave were found
to depend on the overhang length; theraefore, & measurse
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of the net balancing effect of plain-overhang or Frise
pvalances was ohtained as a vroduct rather than as a dif-
ference of two empirical factors., The two factors

ere Ty, which is relsted to the length of overhang,

and Fs', which is related to the sectional shape of

thie Balance nose. Thus

where

i

and the exnression for Fst 18 plven in teble T for
e

various gene ves of noge shape, AS ma&y be ceen
from table T he expression for ™P5' 1is, in general
’ ¥ : ’ & ’

the prcduct of an ares-moment ratio and a basic nese-
shape factor that srecifiss the rP1utLv0 location of the
point <f teangency of a c*nnulﬂr arc nose and thc airfoil
conteow "Mis basic nosc-shane LuCiOP F- 1s defiined
as

Tt should be noted that for any overhang havine a
nose¢ formed by circular arcs (ncse types o, A, B, D, &and
G of table I)

and thercfore
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If the nose shape is elliptical (type C, table I)
or sharp (type E or F, table 1) the factor Fp! 1s ob-
tained by multlplying a nominal value of TFz Dby an area-
moment factor. For an elliptical nose (type C) the
nominal value of PFo ig the value that would be ootained
for a flap having the seme overhang as the given flap but
with & nose shape of type 3. The appropriate arsa-moment
factor is given in table I where Mg, lig, and Ny are
the arca moments about the ninge «xls of the balance pro-
filas bheving nose types denotcd by the subscrlpt letters.
A similar method 1s used for the charp-nose balances {E
and ). In these cases, the nominal value of Ty 1is

obtained for a circular-arc nosce (typs D) having a
radinas Ry such that the arc becowes tarngent to the air-

foil contour at a point dofined by the intcrzection of
the airfoil contour and an extension of tha stralght line
forming the forwsrd portion of tho balence nose. The ex-
ponents of the aren-moment Tactors wsre determined em-
pirically.

Craphical solutions of the z2upr
liang factor Iy {for overhang: naving

the control-surface sgpan) and the baslic nose-shape
factor ¥Fp are presented in figare 1, The value of Fy
for walances wnich do not «itend over the entire span of
ths control surface (as tcv convcntional rudders) is ob-
taiansd by multlplying the value off ¥y obtained irom

ssions for the over-
snans equal to

figurce 1 by the ratio of valance span tc control-surface
spaen. The usge of tils figure should allow a rapld deter-
mination of Py end Iy, providod the geometric con-
stants Ty, Ty!, t, and cp 2rc known.

T2 analysis of the aveilanlc th on control sur-
facus wilth beveled trailing cdges (refurenco l) indi-
catcd that the «ffocts of pl n form of the wing or tall
svrface could be accounted fer re deohably well by as-
suning that bovh the 1ift-curve slops und the increments
of 1ﬂ~e—moupnt slopec due to a“Tu@dehiP belance are
afPﬂcued b plan-form changes in the same mannéer. The same
essumpltion has heen made in the present corrslation of
the wvarietion of hinpge mements with control deflection.

Tn the originel reporis of the partlal-span model
tGSt: {models ¥, XVITT, and “7T¥ of table II) plan-form
corrzctions wers not anvlisd to the ninge-mouent data
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but were applied to the other aerodynamic characteristics.
The 1ift characteristics used for these three models in
this correlation are those corresponding to the actual
portion of the model tested and are not the same as pre-
viously presented 1ift characteristics.

RESULTS

Hinge~-Moment Parameters

The effects of overhang balances on-the variation
of ninge-moment coefficlent with control deflectlon are
stiown in figure 2 as curves of Aché/CLla or Aché/blla

plotted against the balance factor Xj;. The parame-
ter CLl 1s the average value of the lift-curve slope
a

over the span of the control surface and 1s generally
somewhat different from the lift-curve slope of the
entire wing. A method of estimating the value of Cyp

a
for ailerons on wings of various plan forms is glven in
reference l.. TFor conventional tall surfaces, CLl

a
generally may be assumed equal to the lift-curve slope
of the entire surface, As shown by figure.2, the varia-
tion of the parameter AC - with K for finite~

hé/CLla 1

span allerons was the same ag the varlation of Acha/bzl
a

with Ky for two-dimensional flaps. The relation was

somewhat different, however, for finite-span teil surfaces
from that for finlte-span ailerons or two-dimensional
flaps. ©No attempt has been made to account for the dif-
ference, but the assumption that hinge-mcoment slcie
increments and the lift-curve slope vary in the same
manner with plan form is probably not valid for the very
low aspect ratios normally used for tail surfaces. The
relation indicated for finite-span tail surfaces is based
on test results of relatively few models and cannot
therefore be considered as reliable as the relation shown
for finite-spsn asilsrons and two-dimensional flaps.
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valves of Ach5/CLl and Acp /bll (for negative
: a a

deflsctions only) for ailerons and fleps having Frise
balances had essentially the sams rclation to the balance
factor ¥y as d4id the values for ailerons and flaps
having plain-cverhang balances., The rise data are nre-
sented in & separcte plot, nowcvcr, in erdsr te show the
1imits of ¥y covered by the ailatlie dats.
First-approximution valnss of Ty /ff vequired for
glven velues cof ¥1 may be cbtained for nose¢ shapes of

types A, 3, or D from figure 3. This figure was derived
from the ordinates of MACA conventionul eirfoils s given
in reference 25, ard values of ¢y, /Cp obtained from this

flgure may be accepted as the firmal values for any air-
Toil of the TLCA conventional four-di_ it or five-diglt
serizg., For other airfells, figure Z should be used only
for determining wasf qnprozimauion values oi Eb/Ef. By
use of figure 1 1vd one or two additionzl approximations
the Jnal values ey he obtainsd.

To factor woe obtained that weuld adeyg: wtely account
for all the variables vhich <ffesi the varistion of
hinge-mement cowflicient with anple of attzck. 'fhe va-

riations of AC . with the overhang fac-
ha ey -~
tor 7 are presuntod in Ticure . for representative
models havine varicus shepes aad opon or =gezled
£aps.  As mey Lo rcoen Tren Flpours [0 A, or  Acy in-
o ¥ i

creasse with overkang, but the Incrsase 1s less rapld for
rsdluwa roses (typ. €) or snorp aosss (twpe ) than for
Dlunt ncsos : The effzet of soze shnps 1s much
greater when the is open than when ithz gzap is ssaled
and secling the icnerally results In a decrease in
AChC or Acha siven belance. Tittle censistency
in Lo
fi(:;, A

ragnitude of the decrsase can o noted from
l, -
/1 I}

Deflection Range

the dnflecticn at wiilch

t, with the halance
. A somewvhat

Attempte to corrslaete  O,,,

?aﬁg losuse its balancing effe
Y ecave unsatisfactory recult

~
‘o

,_.
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T, T,
. . . AT R
hatter ccorraslation was obtainsd with the fuiction =
(1 -12)
in whisl the factor 1 - 1° se he

2
lower values of Oy oritained

The =catier ol polnts in flogure 5, which orzcontes the
correlation of 6,, for a = 09, is probably stlll too
greet to justify use of ths givsn relaticn in original
desizn work. The given relaticn, ncwevé¢, 31ulli allow
s tlsdeLOﬁy cstiwatas of ths chanze in 6., that might

a
oe axprcted Lo accorpany minor modificatiors to the over-
2 or nos: shnape of velances airesdy in use,

Ti7t “rfesctiveness

Several investigations huve indicated thai the 1ift
effectiveness of a flav is a Jluncticn of the overhang
valence and ths zap, Reasonadly consiztent veriations
of the sifechivensse ratio k/k with the valencs fac-

. : o
- s . o p 4
tor @ were obtainsd and ars prescntad in figvre 6 for

geveral different cups., The test values plotted are
prinﬁina lv For Fd-perceant-chord tiavs (only & few points
Tor Z0-perecent-chord flape ware deL}Eblﬁ) but the rela-
tlons shown in figure & are balleved to apply reasonsbly
well withiin the limits of chord ratios norrnallr used for
control sirfaces, The effectliveness parareter k  for a
flap bhaving a ziven gan cnd bhalanes lactor I, nay be

determined Ly multinlying the valus of 1:/}:G obtained
from figure 6 by the effuctivensss peranacter kg for a

plain sealed flap having the sune chord ratio cf/c.

That the offectiveness paramster 3 increesces with the
balence factor Iy and that tie rate of irncroase is

g seen from fipure 6.
A Ecen Dlotted fyom the
base, they would 1nterssct ns /io = 1,05

where Iy = 0,05, Thus, for 14 wveluzs grester then

rreater for the larger zaps may D
If re {four cuwrves of f‘ Sure & he
Sec

R
L1 o
L= Y

C.0%, opening & gap will generally increase 1, and

for K, wvalues less than 0.03, opening & gsp will gen-

grally decrease K. Althcugh fﬁc Lift offectivencss
reases a8 the amownt of balance increases, the un-

stalled Getlection ransge decreasss (fig. %), The maximun
crement Lift of ¢ aithly palancsd contrel surflace

is penerally souewheat lesg than the maximum increment of

1ift of the corresponding undalanced control surfacc.
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Bffect of Gap

The effect of gap on the sectlion hinge-moment pa-
rameters and on the critical deflection 1is glven for a
few representative two-dimensional models in figure 7.
For thz conventional airfoils for which results are shown
there was a tendency for the values of ¢y and ¢y

a

to become lecs negative as the gap wee inereased., Tor
the low-drag airfoil (modsl TT), “owever, the values
of cha and Chg became mere negative as the gap was

increaced. The variations notad for the varlous airfoils
are ir agreement with the statemert in reference i that
opening a gap Increases the tsndency of larger trailing-
ears angles to meke the hinge-moment perameters nore
posgitive,

The magnitude of the critical deflection decreased
with vap for the two models shown in Tigure 7. The rate
of decrease of 0oy was greater for the low-dreg air-
foil (model TT) thar for the conventional airfoll
(model I).

“ffect of tach Number and Reynolds MNumber

The effect of a simultaneous increase in Mach number
and Reynolds number on the hinge-rmoment parameters, the
lift-effectiveness n»arameter, and the critical deflecticn
1s shown for three rcpresentutive models in Figure 8.

The data are too scerce and the variations too irregular
to justily any 5uh0rall7dt10ﬂq except w*t] regard to the
critical deflection, which decreased as the uac numoer
increased for all tnree caces. The variation of O,,
th

with ¥  was slightly preater for flaps wi sealed gaps
than for flaps with opon gaps.

The tendency for o and  Cy. to hecome less

ﬂk}. .1.6

negative at the higher ¥ach nuabers as noted for some
alrfoils 1s important because 1t may lced to control-
force overbalance at high speed, The avallable dota are
too neager, however, to warrant rating the various air-
foills and types of overhang on this basis.

b
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Pressure Distributions

Data on the pressure distributions over control
surfaces with plain-overhang and Frise balances are rela-
tively scarce but a few sample diagrams from references 1,
19, and 26 are presented in figures 9 to 13, Additional
data may be obtained from references 27 and 28,

The effects of nose radius, gap, and control-surface
deflestion on the pressures over control surfaeces with
plain-overhang balances 1is shown for a two-dimensional
model in figure 9 and for a finite-span model in
figure 10, Within the unstalled range, decreasing the
nose radii had little effect on the pressures back of
the hinge but increased the peak pressure at the pro-
truding nose of the balance, Control surfaces with very
small nose radii stalled at relatively low deflections.
Sealing the gap decreased the positive pressures on the
upper surface of the balance for negative deflectlons
but had a negligible effect on the pressures over other
portions of the control surface,

The effect of Mach number on the pressure distribu-
tion over a control surface with plain-overhang balance
is shown in figure 11 for control-surface deflections
of +100, The increase in peak negative pressure, vhich
usually accompanies an increase in Mach number, is not
evident in figure 11, Evidently the adverse pressure
gradient back of the balance nose was 50 great that the
control surface stalled at some intermediate Mach number,
Pressure surveys over the lower surface at the nose and
the upper surface at the hinge line of a Frise alleron
on a semispan model of a low-drag wing are shown in
figure 12,

The effects of nose radius, vent gap, and modifica-
tions to the slot-entry shape are shown in figure 13 for
a control surface with a Frise balance, Decreasing the
nose radius with this control had effects similar to
those noted previously for the plain-overhang control;
that is, the peak negative pressures were increased for
every case except for the smallest nose radius, with
which the nose was stalled at the deflection for which
the diagram is shown., Increasing the vent gap or
rounding the slot entry slightly reduced the negative
pressures over the balance nose for negative deflections
and the positive pressures over the balance nose for
positive deflections, Rounding the slot entry and
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Increasing the vert gap increased the Tlow velocity
througr the slot, as iz evidenced Ly the morec nogative
bressures over the upper surfacss of the balance and of
the control at nositive deflections.

OPTINMUM DALANCE ARRANGEIBNTS

Many factore must bte considered in selecting the
optimuvm overhang-balance arranzement Ffor a given control
cfurface. The following is & brict dizcussion of some of
these factors.

fglven value of A%, may te ovtained by many va-

Q
riations of balance length and nose shepe ranging from
rather short and blunt balances to lenger halances with
sherp noses. Although the geonstrisc clharacieristics may
be adjusted over gulte a wide rangce Tor any glven value
of Achﬁ, other serodynamic charectoristics will not

remain constant ond, conszquently, wnet bDe consldersd.

ot

fact tha
wher=sos Acb v

a3 ToY

oy riss approximately as Fyr Fi,
trizs as  Iy'T,.  indicates that a long

o

o]

cverheng and a woderatc nos: shape of type B, C, cr D is
more getlalfactory tha~ 8 short overiang and a blwut-nose
shaps oi type 4.

A factor that is prohably gnite rlosely related

to 6. is the naznitude of the peak uressures over tne

balance nose., I Aﬂhé 1s asswned Yo remain the same,

a short blunt-nose balance produces nignsr peal presswures
than & long balance with a moderate noce ghape. The high
pealt pressure acscciated with the vers blunt nose skape
Increases the possibility that the control surface may
beceme overbalanced at bigh Fach nurhurs aad probsbly in-
crsases the rate at which Yach nurber :educes the value
of  3.,. The high peuk pressurcs incrcass the oossi-

bility that supercriticel local velosities will he
reached over the ncss of the balance. Altiiough little
definite Information is at presant available concerning
the effects of shock weves that occur over only a rela-
tlvely short chordwisze portion of the airfoil, such
effects are probably not benefinial.
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‘The case with whleh static balance wav be ohta
s important, esnecially for larrmo asirslenss., T
overdangs nermit statis balance to be obtained iy
additiorn of & minimum of cotherwise nonuceful we st

Othier consideratiors impose limitatlions on the anst
desgirauie length of overhang. 4 long overnong reduirss
a Jarco pars of the fized utluCtUIC of the wing or tall
surface to te cut away to allow for iree movemsent of the
balsnce. Tne large breaks in the eirfeil surface that
resvlt from tkhs uge of mediur or rlhierp nose srnapss
probably increase the drag.

foce shapes of types £, D, 4, or ¥ are likely to
give overvalance ot high deflections it designed for
slight underbalance at low defloctions Leconse & large
pertion of the balancing actiorn o the overharg type of
balance is produced by the noegstlve pressurce deveicped
v J B It 3

4o

the pertion of the nose thst nrotrudes above or below
the airfoil conbtour., Tor nose twmes ¢ and D the ncegative
pregsure neak moves forwverd and lrcrsases 1y me*n¢fad@

as the deflection is increased, Tl r in an
efeztive incraase in balance. i
it might “e mentliored tiat a shape
pected to he nore satisiacbory bhar a
mnless the deflaction limits allow th3 =
of thes ncse to orotrude cutside the airf coutour,
All the pointed nose shapss (tvynos Dh W, and F) show a

"

greatly increscsed balancing cffonh vhen the nese
T

SD
CA- ]

o ¢
P et
~
L
3
a]

t

trudes above or below kthe airflcil contour. Tt aspcars
that such a cordition shouldl be =veideld by the use of
steps unless the control dellcevion reyuirsd would ba
beyond the eritiecal value and It 3s ¢es¢rvd Lo use th=
control in thils conditicn. ¢Conienl suriaces wi hliunt-

nose overnangs (types A and 1) have also shown
tendency towerd increascd balance i
(TEIGTVhC@S 7 and 19) but the c¢ifect 1g not as great as
for the medium- and sharp-nosc suspes just discussed.

LT ¢ B ol

')

15 pointed out in a previcus scction the pa-
rameter Acho is relatively independent of nose shape
for sesled balances and sppecrs Lo dencnd principa
tie balsnce chord. Tae choice of fthe best conbine
of noze shape and overhanz Tor 2 given ACh mnay

—..L‘S

w1

fore Le influenced hy the valus of ACHV ontained, tias

Aesrec of influence denending on the SLecific aonlicat
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e ehoice of an open or & seslsd gep for use with
ghe ovorhang will be Influsnced by tue fact that nese
shiape hes more effect on Cha with the gap opéen than

r

with the gap sealed, For balances havirg valuss of  Hy

greater than about 0,095 the use of an open 1&p gonera 11y
inecroases the 1ift-effectiveness paraaster ko ol the
control surlacc. Tart of the gain in X, Lowev.r, is
obtained at the cxwnense of a loss in Gy e e 1nss

o)
In ¢4 generally is not harmful if the control swrface

[

15 an allcron but wuffects the alrplsn £
yersely if the control surface 13 & radder or o an
zlevator,

[¢4]

]
-

t

The possibility of any buffeting tendsncy should
not “e overlooked in the design of & ol

surface., Flight tects as well as wind-tunnel testns have
revealed such tendercics for Frise allarons A8 7
out in refesrence 1. The buffctln~ enpecrs Lo cccur in
tho vegion of the megatlive dzflsctions at which the air
flow savarates from the protruding nes3; that 1s,
flectisne near the critical values zlven for zero angle
of attack in fizure 5. An inercase in angle of attacis
usually delave buffeting for Trise allercns. Suffeting
matv alsc be delayed by any modifiecatior that tends to
delasy scparation; that is, by increasing the rosge radlus,
reducing the gverhang, ralsing noss, wulging the
lower surface of the alleron, © AARSR! the nose with
a slot cr a =iat, Vith tlie pos

addition of a slot or slat, all
reduc: the acrodynanmic balance T

U
o]
j=e
o
ct
[§]
ol

tion of the
arss tend tce
cflectlons,

3ome putfeting was noted during bests of two models
having plain-cverheng balances. 7he nzcillationsg were

not 80 feverc, rowever, as these notsed Tor Frise baleances.
gcause this type of balence wray protrude 1Into the alr
stresm oither sbove or below thz airfoil surisce, the
detlaction st which buffeting may cceur vould be expected
tc be less for elther positive or nepative angles of
attacl: than for zero angle of attank.

From the foregoing discussion it muy Do concluded
that the final selectlon of & control-curface nose shape
must he & compromlse depending on the relstive imnortance
of the varions factors ccnsidered,
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In the case of allerons, the selection of overhang
and nose shape may be made principally from a considera-
tion of the value of Ch6 required. The effect of Chy,

on the stick forces during a roll must be considered in
the choice of Chb’ but the adjustment of the nose shape

or overhang of ailerons to obtain a desired value of Cha

is not recommended. A nose shape similar to type B
seems the most promising of those tested; therefore, for
original design work, 1t should generally be necessary to
determine only the overhansg for a nose shape of type B
required to give a value of Ch% already declded upon.

The value of Chb actually cbtained may be adjusted

later within a limited range by meking minor modifica-
tions to the nose shape without changing the length of
overhang., The effect of nose shape on the peak pressures,
the critical deflection, and the variation of Ch6 with

deflection, however, must be given concideration.

The hinge-moment parameters Ch6 and Cha are of

almost equal importance for tail surfaces, and the selec-
tion of the overhang and nose shape therefore depends on
obtaining desirable values Tor sach of these parameters.
As has slready been pointed out, the nose shape has
little effect on Cha provided the gap 1s sealed. The

overhang may consequently be selscted to obtain the de-
sired value of Cp and the nose shape may then be
a

selected to obtain the desired value of Ché, due consid-

eration being taken of the effect of nose shape on the
peak pressure, on the critical deflection, and on the
variation of Ch6 with deflectlon. If the desired value

of Chg cannot be obtained by selectlon of only the nose

shape, some adjustment of the overhang may De necessary,
and compromise values of Ch5 and 0y wlll thereby be
“a

obtained,
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COMPARISON OF RESTLTS "ITH

The faired curve of figure 2(k) snd the theorstice
values of Chg for plain segalsd flaps derived by Glduurﬁ
and presented in references 29 and 30 wore used in com-
puting the hinge rnoments of flaos with ;lain sealsd over-
hangs on an *nfinitplv thin elirfoil, lor wnich ¥y
reduces to {cpcr ) The values thus computed were then
compared with nporc,;cally derived values presented in
rigure 5 of reference 31, The data nf reference 31 are
prese nted for values of tl“ ovir-all control-suriuce
chord (cy + cp) equal to 0.25¢ &end 0.50c with verious

hinge locations for several "alacb ci & paremeter A,

In reference 31, A is an ef{ective reduction in bzlance
chord and is the distance over which the concentratod
source-cink repvresenting the stecp breah at fhe helence
nose is sopread in order to ptcturw the local flow and at
the same time retain physical rsulity. ﬁccordinw to ref-
erence 31, X is probably greatur than 5 percent and

less than l:0 percent of the balance. chord for airfoils
of finite thCqu«s The wvaluss for cn infinitely thin
airfoil would b3 wxpected to fall near the lower limit

of the susgested raﬁsm of AN. Thig npremise is borne out
by a comparison of th: theosrctical curves snd the experi-
mental data extrapoclated to zero thickness In the manner
noted. The experimental data Torms a curve located at

A = 0.0% to 0.05 for both values of over-211 control
surface choerd,

TESTAN TPROCSDIE

™Me results of the present analysis are considered
applicable to the original design of control-surface
ba]anccs and ¢l balance MOul_lCdt*Ohy ror control sur-
races already in use., The proczdure recormended for an
original deslgn will be 1llustrated in detail by an

Let 1t be reguired to estimate the length of plain
overnang for a nose shape of typs B to zive a final
value of Ch@ of -0.0010 for & 92,20c¢c aileron on an

NACA 22012 airfoil, The asrodynemic charscteristics
nseded in the design are: (1) the sloune Ché of thu
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plain vnbalanced aileron having the same zap condition
as the proposed balanced aileron, and (2) the average
slone of the 1ift curve cver the alleron portion of the

wing CLl
a

Recause only the increments of slcpes due to ths
halance ere considered in the precent corrsiation of
hinge-woment charecteristics, the ability fo obtain a
desired value of Ché for the balanced control swriuce

is

critically dependent upon the accuracy of the value
of G 5

g used as 2 basc, The value of thig basc may e

estimated from comparable finite.span data or calculated
from section data, but the finsal wvelus of Ch@ ci:tained
for the balanced asileron cannot be expected to be more

accurate than the value used for the base. The slope of
the 11Tt curve of the entire swurface o will nisuvally

be knovm from experimental date, The average =21lope ove
the spran of the aileron CTl may e cebtimeted with suf-
I, :
«
ficient accuracy by the method of refercnce li.

It is assumed that the following rcsults were ob-
teined:

Ch& (for nisin unbaianced alleron) = -0.0070

= 0,080

8
T e

LJla

The increment of hinge-moment slops rodulrad of the
plain-overhang balance is

8Chg = ~0.0010 -(-0.0070) = 0,0060

and thcrafore

“Chg  0.0060
C ~0.080
Lla

G.075

For [linite-span allerons ths ualance lactor Kl is sgnal
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to (fig. 2)3 thus,

{

Ky = 0.075

Tre required overhang for a nose shape of type B
ray now he detornined approximately from figure 3(a), by
~use of the valus of ¥ Just deterninsd and

A.al
t/2 . .
N = 0,131 from the ltnewn airfoil ordinates at the
f

aileroa hinge line. Therefors,

o]

= = 0.397

Ot
Hh

The accuracy of this valve may be chacknsd by drawing the
aileron nese to the proper ordinates (belence 1 of

fig, 1&) from which the contour-balance chord may be ob-
tained graphicallv. Jor constant-vercentasge-chord
ailsrong, the result 1s

Ch !
— = (J,221

Now, from figure 1, ¥y = 0.1k1, Fp = 0.521, and thbre—
fore 1, = 0,07, whic e

value required. Ag has &al besn gaown, the value

of ©»/Cp obtained from flzure 3 may be zccepted as the
final value for nose shapes. of type A, 2, or D for any

atrfsil of the ACL conventional four-digit or five-digilt
serics and, thercfore, the checl: just parformed was not
necessary in thils instance Tf an airfoil section
having a 3differsnt bh;ckn“ss Aistribution had »een used,

or if it had been desired to use 2 noss chape other than
type A, B, or D, figurc % would still have heen used, but
only tro chtain a vresliminery Ls*arate of Eg/Ef
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e

The procedure to be uscd in conncetion with propeosed
medifications to plain-overhang bal&dook iz similar to
thiat just outlined for an originel design « uh tnat
the value of Ch& of ths original bd_dﬁﬁ'ﬂ contrcl sur-

J
face meay be used e&s the base, IT cnly & certain incre-
ment Ach5v is desired, no baze valuc 15 necessary.
A

"
Q

Tn order to 1llustrate the cihwamnne in overhang that
would normally be reyulred to pgive the same amount of
asrodynamlc balance for small deXlecctions when tlie nose
redi: ere varied, two additional nosc shapes nave heen
derived and ars presented in figure 1ll(a ). Balance 2
has one and one-half times the nosc radius of balance 1
and bolance Z has one half the ncee radius of balance 1.
The geometric constants of the thrse balances are tabu-
lated in figure 1lli(a).

The variation of Ch5 that may we cupccted to

acconpany moderate changes in the noss radius with ¢
Tixsd overhang is Indicated in flgure Ui(b)., The esti-
mated values of 0y range froum -0,0022 to 00,0002,

s

The recommended procedurs for the desisn or modifil-
cation of control surfaces with ™rise talances is similar
to that just outlined for nlain-overhang halences except
that the increwent ACh . ,vgllCn only to the neﬂﬂti‘e

1§

deflsction range, The slope Ché for nwositive deflec~

tions srester than anout 0° may; he considered to bhe unaf-
fected by overhang or nosz shaps., The complete hinge-
monunt curve can be apnroximated vwith & fair deprece of
accuracy at low annleﬂ of attack by fairing a curve
bbuwkfh the oalanccd riegative portlon (tuA"cnt at

8 = ~2°9) and the unbalanced positive pertion (tangent
at  GLe % %0). The exect locatior of the curve with ro-
gpect to the axes 1s dependent on & number of factors,
howeover, including the shapc of the alrfoll ssctlon. A
przdiction of the characteristics of &« control surfac
with a ¥rise balance, therefore, cannot bz expccted to
be a:s acecurate as a prediction for a contrel surface
with & »lain-overhang talance., Tt is believed, however,
that the elfect of miror modificutions to wvither plain-
overhang or Trise balsnces can be predicted with failr
aceuracy by the method outlincd.

P
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CONCLUSIONS

The results of the preceding corrclation &nd analy-
sis indicate the feollowlng gencral concluslons regarding
control surfaccs having plaln-cverhang or Frise balaznces:

1., The alfects of balencs varlabtions Iin
the slepe of th2 curve of hinge-moren: cosfflicis
plotted against control-surface deflectlcon and in
chansing the 1ift effcctiveness of the control zurface
could be sorrelated for varicas models ot low Yach nun-
bers br the usz of a balance fachor thab zccounted fov
the size and shape of the overivng.

e
\.'\
8o
ct

2., No corrclation factor was :
adegnately account for all the variables
the slope of the curve of hange-moxnent
plotted eagainst angle of attack or which
flecticn range over uwalch the balence is
reducing the slops of the hlnge-romsnt curve.

%. The prescnce of & small ran eb the noso of a
plain-cverhang balanced flap and of thw corresponding
unbalenced flap does not apprecianly alicr the dlffer-

ences in the slopes of tne curves of inge moment
plotted against cuntrol dslflecticn,

b. The shape of the balance nosge varied the effect
of a zap at the control leading eCge on the slopc of the
curve of hinge moment plotted assinst enpls of attack
for plain-overhang balences.

5. The nresence of a gap ab the centrol loading
edze conslistently Increased the el t of overhang in
increasing the control lift-effociiveness parameter.
"ith the open gap the increase In the lift-effectiveness
parameter with increase in overhang was causcd DY an in-
crease in the slope of the curvs of 1ift plotted agalnst
control-surface deflection and o decreuse in the slona
of the curve of 1ift nlotted asainct sugle ol attack,
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5. The data were too meazer to justify any definite
generalizations concerning the effects of reach number on
plain-overhang and Frise bhalancss except that increascs
in Mach numbecr consistently decrcassd the deflection
ranze over which the balance was offcctive in roducing
the slope of the hinge-moment curve.

Lensley Memorial Aeronautical Laboratory,
vational advisory Commlittee for iferonazutics,
Langle:«‘r F.—’Le:“..d’ ’\Ta .y
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TABLE I.- VARIOUS NOSE SHAPES CONSIDERED IN
CORRELATION OF PLAIN-OVERHANG AND FRISE BALANCES
AND CORRESPONDING EXPRESSIONS FOR NOSE-SHAPE FACTOR.

;‘;o:: Section show/'ng nose shape Nose-shape factor, /.-2 ‘
Cb’:O
) )
O -]
T /+Cp/Ck
e Cp —1
/+Tor\E
A /- | ( s ;)
/ (*Cb%?
5 ! +Cb/Cr
Me-Moy - |- (""Eb}fﬁ
: M- I+Ch/6
I A (Ad=TY 2%
D /- | ( e C})
_(/ *Co/by
¢ T2,/
_(/*fb’/éze
d T4/
ek
G - | ( /5 qu)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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